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[57] ABSTRACT

Scanning and synchronizing light beams are deflected
by a light deflector. The scanning light beam is used to
scan an object surface, whereas the synchronizing light
beam is applied to a grid for generating a synchronizing
signal to, detect the scanning position of the scanning
light beam on the object surface. The grid includes a
starting point control area, corresponding to a main
scanning cycle starting position on the object surface,
for modulating the synchronizing light beam applied to
the grid so that light having passed through the starting
point control area will have a different phase than the
light from the other portion of the grid.

4 Claims, 4 Drawing Sheets
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LIGHT SCANNING DEVICE HAVING A
SYNCHRONIZING GRID WITH A
PHASE-DETECTED STARTING POINT AREA

This application is a continuation-in-part application
of application Ser. No. 314,230 filed Feb. 21, 1989 now
abandoned, which is a continuation application of appli-
cation Ser. No. 39,842 filed Apr. 20, 1987 now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light scanning de-
vice for deflecting a light beam to scan a desired sur-
face, and more particularly to a light scanning device
capable of deflecting a scanning light beam employed to
scan a desired surface and a synchronizing light beam
employed to produce a synchronizing signal indicative
of the scanning position of the scanning light beam.

2. Description of the Prior Art

In recent years there have been developed various
light scanning devices for reading out and/or recording
images with a light beam. In such light scanning de-
vices, a light beam produced by a light source is reflec-
tively deflected by a light deflector to scan a desired
object surface in a main scanning direction, while at the
same time the object surface is being moved at a con-
stant speed in a sub-scanning direction which is substan-
tially normal to the main scanning direction. If highly
accurate scanning is required in the light scanning de-
vice, then it is necessary to generate a synchronizing
signal representative of the scanning position of the
light beam on the object surface being scanned. One
conventional way of producing a synchronizing signal
has been to deflect a synchronizing light beam with the
light deflector and arrange a grid with alternate bright
and dark regions on the path of the synchronizing light
beam so that the grid is scanned by the synchronizing
light beam. The light that has passed through or been
reflected by the grid is detected by a light detector,
which applies a light signal to a synchronizing signal
generator that converts a change in the detected
amount of light to a corresponding electric pulse signal.
Thus, a synchronizing signal can be generated by de-
tecting periodic changes in the amount of light which
has passed through or been reflected by the grid as it is
scanned by the synchronizing light beam.

In addition to the above positional detection of the
light beam in a scanning line on the object surface, it is
also necessary to control the starting point of effective
scanning for initiating a substantial recording or read-
out cycle for each scanning line. To effect such starting
point control, conventional light scanning devices have
another light detector positioned on one side of the
surface to be scanned. The second light detector detects
the scanning light beam and generates a detection signal
each time the scanning light beam traverses the light
detector. Effective scanning is started in response to
such a signal generated by the light detector. With the
second light detector provided in addition to the grid,
however, the light scanning device is complex in struc-
ture. Particularly, a light scanning device wherein
sheets of different sizes are to be scanned is quite com-
plex and highly costly to manufacture since a plurality
of light detectors have to be located in positions appro-
priate for the different sheet sizes In order for the light
detector to control the scanning starting point and for
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the grid to detect the scanning position, it is also neces-
sary to put into phase a positional signal produced from
the grid and a starting point signal generated by the
second light detector. The procedure for fine adjust-
ment of the positions of various components to achieve
such phase equalization is however tedious and time-
consuming.

SUMMARY OF THE INVENTION

In view of the aforesaid problems of the conventional
light scanning devices, it is an object of the present
invention to provide a light scanning device having a
grid capable of detecting the position of a scanning light
beam and controlling a starting point of effective scan-
ning, so that the light scanning device is simpler in
construction and no tedious and time-consuming proce-
dure for positional adjustment is required.

According to the present invention, there is provided
a light scanning device for two-dimensionally scanning
an object surface by scanning the object surface in a
main scanning direction with a scanning light beam
while moving the object surface in a direction substan-
tially normal to the main scanning direction, compris-
ing:

a light source for emitting the scanning light beam;

a light deflector for reflectively deflecting the light
beam in the main scanning direction;

means for deriving a synchronizing light beam from
said light beam reflectively deflected by said light de-
flector;

a grid extending in said main scanning direction for
receiving said synchronizing light beam; and

means for detecting light from said grid to detect the
position of said scanning light beam in said grid scan-
ning direction on the object surface;

said grid defining a linear array of alternate, relatively
light and dark bars disposed at a constant pitch with the
exception of a starting point control area inwardly
spaced from an end of the array, said starting point
control area defining a sharp irregularity relative to said
constant pitch corresponding to a main scanning cycle
starting position, on the object surface, said irregularity
modulating the synchronizing light beam applied to the
grid so that light having passed through the starting
point control area will have a different phase corre-
sponding to said irregularity relative to said constant
pitch than the light from the other portion of said grid.

With the light scanning device in accordance with
the present invention, the pitch at which the light and
dark bars of the grid are disposed is changed sharply at
the position corresponding to a point at which the main
scanning cycle is started. A signal corresponding to the
position at which the main scanning cycle is started is
generated by a phase detecting circuit comprising a
counter, a comparator, a flip-flop and the like. There-
fore, the number of optical elements can be kept very
small and the configuration of the light scanning device
can be simplified markedly as compared with cases
where light detectors are provided, besides a grid, in
order to control the point at which the main scanning
cycle is started. Particularly, even when object surfaces
having different sizes are to be scanned, a plurality of
light detectors need not be provided as in the conven-
tional technique. Also, because both the detection of the
position at which the scanning light beam is scanning
and the control of the point at which the main scanning
cycle is started are carried out based on a single grid,
the phase of a synchronizing signal, which represents
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the position at which the scanning light beam is scan-
ning, and the phase of a starting point detection signal
which serves as a starting point synchronizing signal
can be set as desired. Therefore, no particular opera-
tions are required to match the phases for each of light
detectors.

‘When the scanning light beam reaches the main scan-
ning cycle starting position on the object surface, the
synchronizing light beam that passes through or is re-
flected by the grid at the starting point control area is
modulated in a manner different from that in which the
synchronizing light beam is modulated by the other
portion of the grid. By detecting such a differently
modulated light beam, a starting point signal can be
generated for starting effective scanning of the object
surface with the scanning light beam. The starting point
control area corresponding to the main scanning cycle
starting position on the object surface is not limited to a
position on the grid where the synchronizing light beam
is applied at the same time that the scanning light beam
is applied to the main scanning cycle starting position,
but may be any position which is related in a certain
way to the main scanning cycle starting position. For
example, the effective scanning of the object surface
may be started upon elapse of a certain period of time
after the synchronizing light beam has been applied to
the starting point control area, so that the starting point
control area may be located outwardly of the above
position on the grid. '

The scanning light beam and the synchronizing light
beam may be generated by respective independent light
sources, or may be divided by a semi-transparent mirror
or the like from a signal light emitted from a single light
source before or after being deflected by the light de-
flector.

The grid has an array of alternate dark and bright
bars at a constant pitch, and the starting point control
area comprises dark and bright bars of a pitch different
from the constant pitch, whereby light having passed
through the starting point control area will have a dif-
ferent phase than the light from the other portion of the
grid.

The above and other objects, features and advantages
of the present invention will become more apparent
from the following description when taken in conjunc-
tion with the accompanying drawings in which pre-
ferred embodiments of the present invention are shown
by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing an embodiment
of the light scanning device in accordance with the
present invention,

FIG. 2 is an explanatory view showing the configura-
tion of a starting point detection signal and synchroniz-
ing signal generator in the embodiment of FIG. 1,

FIG. 3A is an explanatory view showing an example
of a grid,

FIG. 3B is an explanatory view showing a grid signal
generated by the grid shown in FIG. 3A, and

FIGS. 4A, 4B, 4C, 4D and 4E are timing charts
showing the operations of the starting point detection
signal and synchronizing signal generator shown in
FIG. 2. .
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will hereinbelow be described
in further detail with reference to the accompanying
drawings.

With reference to FIG. 1, a light scanning device 10
is basically constituted of a laser beam scanning section
12 for scanning an object surface, on which an image
has been recorded, for example, the surface of a stimula-
ble phosphor sheet S which has a radiation image stored
thereon and which is conveyed in a sub-scanning direc-
tion indicated by the arrow A, with a laser beam L, and
an image read-out section 14 for photoelectrically con-
verting light, which is obtained during the scanning
with the laser beam L and which carries information
about the image, into an image signal. The light scan-
ning device 10 also comprises a synchronizing signal
generating section 16 for generating a starting point
detection signal, which serves as a starting point syn-
chronizing signal, and a synchronizing signal, which
represents the position at which the laser beam L is
scanning, from the laser beam L, and an A/D converter
18 which digitizes the image signal obtained from the
image read-out section 14 on the basis of the synchro-
nizing signal. The light scanning device 10 further com-
prises an image processing section 20 which processes
the output signal of the A/D converter 18 in order to,
for example, enhance the image contour, an image sig-
nal memory 22 which stores the output signal of the
image processing section 20, and a display means 24,
such as a CRT, which reproduces the output signal of
the image signal memory 22 into a visible image.

When certain kinds of phosphors are exposed to radi-
ation such as X-rays, a-rays, -rays, y-rays, cathode
rays or ultraviolet rays, they store part of the energy of
the radiation. Then, when the phosphor which has been
exposed to the radiation is exposed to stimulating rays
such as visible light, light is emitted by the phosphor in
proportion to the amount of energy stored during expo-
sure to the radiation. A phosphor exhibiting such prop-
erties is referred to as a stimulable phosphor. Also, a
sheet provided with a layer of the stimulable phosphor
is referred to as a stimulable phosphor sheet.

The laser beam L produced by a laser beam source 26
of the laser beam scanning section 12 is passed through
a beam expander 28 which converts the laser beam L
into a beam having a desired diameter. The laser beam
L having the desired diameter is reflected and deflected
by a rotating polygon mirror 30 which is rotated in the
direction indicated by the arrow B and which serves as
a light deflector. Instead of being constituted of the
rotating polygon mirror 30, the light deflector may be
constituted of a galvanometer mirror, a hologram scan-
ner, an acousto-optic deflector (AOD) or the like.

The laser beam L which has been reflected and de-
flected by the rotating polygon mirror 30 passes
through a scanning lens 32 which is positioned in the
optical path of the laser beam L and which may be
constituted of an f@ lens. The laser beam L then im-
pinges upon a semi-transparent mirror 34 which is lo-
cated in the optical path of the laser beam L and which
extends in the main scanning direction. The semi-trans-
parent mirror 34 reflects part of the laser beam L the
amount of which part is required to scan the stimulable
phosphor sheet S and which part serves as a scanning
laser beam La. Also, the semi-transparent mirror 34
transmits the remaining part of the laser beam L which



4,967,073

5

part serves as a synchronizing laser beam Lb. The syn-
chronizing laser beam Lb impinges upon a grid 38. The
scanning laser beam La which has been reflected by the
semi-transparent mirror 34 is converged on the stimula-
ble phosphor sheet S and scans it in the main scanning
direction indicated by the arrow C.

The image read-out section 14 comprises a long pho-
tomultiplier 36 which serves as a photoelectric conver-
sion means, and a light guide member 36 for guiding
light, which is emitted by the stimulable phosphor sheet
S when the stimulable phosphor sheet S is exposed to
the scanning laser beam La, to the light receiving face
of the long photomultiplier 36. The amount of the emit-
ted light is proportional to the amount of energy stored
on the stimulable phosphor sheet S during exposure to
radiation. The long photomultiplier 36 extends along
the main scanning direction.

The light input face of the light guide member 37 is
positioned close to the stimulable phosphor sheet S and
extends along the main scanning direction indicated by
the arrow C. The photomultiplier 36 photoelectrically
converts the amount of light emitted by the stimulabie
phosphor sheet S into an image signal, and the image
signal is fed to the image signal input terminal of the
A/D converter 18.

The synchronizing signal generating section 16 com-
prises the grid 38 which extends in the direction along
which the synchronizing laser beam Lb scans, a cylin-
drical light guide member 40 which is positioned on the
rear side of the grid 38, and light sensors 42¢ and 42b
which are provided at both ends of the light guide mem-
ber 40 in order to detect the amount of the synchroniz-
ing laser beam Lb which has passed through the grid 38.
The synchronizing signal generating section 16 also
comprises a starting point detection signal and synchro-
nizing signal generator 44 which generates a starting
point detection signal, which serves as a starting point
synchronizing signal, and a synchronizing signal, which
represents the position at which the scanning laser beam
La is scanning, from a grid signal Sg generated by the
light sensors 42a and 42b.

It is necessary that the scanning laser beam La starts
a main scanning cycle to effect substantial recording or
readout (hereinafter referred to as an effective scanning
cycle) from a predetermined position in the main scan-
ning direction on the stimulable phosphor sheet S. For
-this purpose, the point at which the effective scanning
cycle is started must be controlled for each scanning
line. In this embodiment, the grid 38 having the configu-

" ration shown in FIG. 3A is utilized in order to control
the starting points. Specifically, the grid 38 is consti-
tuted of light zones or bars 385, 385, . . . which transmit
the synchronizing laser beam Lb and dark zones or bars
384, 384, . . . which block the synchronizing laser beam
Lb. The light bars 385, 385, . . . and the dark bars 38aq,
384, . . . are alternately located at a constant pitch. The
grid 38 also has a starting point control area 38¢ which
is located in the vicinity of part corresponding to the
point at which the effective scanning cycle is started.
The starting point control area 38¢ is composed of light
bars 38b, 385, . . . and dark bars 38b, 385, . . . which are
located at a pitch different from the aforesaid constant
pitch. The starting point control area 38¢ modulates the
synchronizing laser beam Lb so that the phase thereof is
different from the phase of the synchronizing laser
beam Lb which has been modulated by the other part of
the grid 38. Therefore, as shown in FIG. 3B, the grid
signal Sg is obtained from the grid 38 so that the phase
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of the grid signal Sg corresponding to the starting point
control area 38c¢ is different from the phase of the grid
signal Sg corresponding to the other part of the grid 38.

The output signal of the starting point detection sig-
nal and synchronizing signal generator 44 is fed to the
synchronizing signal input terminal of the A/D con-
verter 18.

In the image processing section 20, processing such as
gradation processing or image contour enhancement
processing is carried out on the image signal, which has
been digitized by the A/D converter 18, on the basis of
the synchronizing signal. The processed image signal is
stored in the image signal memory 22 and used to repro-
duce a visible image on the display means 24.

FIG. 2 is a block diagram showing an example of the
electric circuitry of the starting point detection signal
and synchronizing signal generator 44. Basically, the
starting point detection signal and synchronizing signal
generator 44 comprises a frequency synthesizer 50
which multiplies the frequency f of the grid signal Sg by
a factor of m, and a counter 52 which counts the pulses
of the output signal (a multiplied-frequency grid signal
Sm) of the frequency synthesizer 50. The starting point
detection signal and synchronizing signal generator 44
also comprises a comparator 56 which compares the
number, which the output signal of the counter 52 rep-
resents, with a predetermined number n and feeds a
clock signal Sc to a clock input terminal CLK of a
flip-flop 54 when the number which the output signal of
the counter 52 represents is equal to the predetermined
number n. The grid signal Sg is also fed to a reset input
terminal Rs of the counter 52 and to a data input termi-
nal D of the flip-flop 54. The output signals of the start-
ing point detection signal and synchronizing signal gen-
erator 44, i.e. the modulation detection signal St gener-
ated by the flip-flop 54 and the multiplied-frequency
grid signal Sm generated by the frequency synthesizer
50, are fed to the synchronizing signal input terminal of
the A/D converter 18.

Operations and effects of this embodiment will be
described hereinbelow. In FIG. 1, the stimulable phos-
phor sheet S which has been exposed to radiation,
which has passed through an object, to store a radiation
image of the object is conveyed by a conveyance means
(not shown) in the sub-scanning direction indicated by
the arrow A. At the same time, the surface of the stimu-
lable phosphor, sheet S is scanned with the scanning
laser beam La, which has been produced by the laser
beam source 26 and reflected by the semi-transparent
mirror 34, in the main scanning direction indicated by
the arrow C. As the stimulable phosphor sheet S is
exposed to the scanning laser beam La, it emits light the
amount of which is proportional to the amount of en-
ergy stored thereon during exposure to radiation. The
emitted light is guided by the light guide member 37
extending along the main scanning direction on the
stimulable phosphor sheet S, and is converted by the
long photomultiplier 36 into an electric signal. The
electric signal is fed to the image signal input terminal of
the A/D converter 18.

The synchronizing laser beam Lb which has passed
through the semi-transparent mirror 34 impinges upon
the grid 38 of the synchronizing signal generating sec-
tion 16. As the rotating polygon mirror 30 is rotated, the
synchronizing laser beam Lb scans one end of the grid
38 to the other end thereof in the direction indicated by
the arrow D.
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The synchronizing laser beam Lb which has passed
through the light bars 385, 385, . . . of the grid 38 im-
pinges upon the light guide member 40, and is dispersed
in various different directions by a dispersing region
(not shown) which is provided on the side of the light
guide member 40 opposite to the side on which the
synchronizing laser beam Lb impinges. In this manner,
the synchronizing laser beam Lb is guided inside of the
light guide-member 40 through repeated total reflection
to the light sensors 42a and 42b. The synchronizing
laser beam Lb is photoelectrically converted into the
grid signal Sg by the light sensors 42z and 42b. As de-
scribed above, the grid 38 has a wide light bar 385 in the
starting point control area 38¢ which is located at a
position corresponding to the point at which the effec-
tive scanning cycle is started. Therefore, the grid signal
Sg has the waveform shown in FIG. 3B. The grid signal
Sg is fed to the input terminal of the frequency synthe-
sizer 50, the data input terminal D of the flip-flop 54,
and the reset input terminal Rs of the counter 52.

FIGS. 4A through 4E are timing charts showing the
operations of the starting point detection signal and
synchronizing signal generator 44. By way of example,
the multiplication factor m of the frequency synthesizer
50 is set to 3, and the predetermined number n in the
comparator 56 is set to 2, which value is smaller than m.
Upon receiving the grid signal Sg shown in FIG. 4A,
the frequency synthesizer 50 outputs the multiplied-fre-
quency grid signal Sm shown in FIG. 4B in which
signal the frequency of the grid signal Sg has been mul-
tiplied by 3 with reference to each rising edge of the
grid signal Sg. As shown in FIG. 4C, the counter 52
outputs the signal representing the number which is
reset by each rising edge of the grid signal Sg and which
changes in the order of 0,0, 1,2,0,1,2,0,1,2,0, 1, ..
. in accordance with the multiplied-frequency grid sig-
nal Sm generated by the frequency synthesizer 50. The
predetermined value n which serves as a reference
value for comparison is set to 2 in the comparator 56,
and therefore the comparator 56 generates the clock
signal Sc shown in FIG. 4D in which signal a pulse is
formed each time the output value of the counter 52 is
2. The clock signal Sc is fed to the clock input terminal
CLK of the flip-flop 54. Because the grid signal Sg
shown in FIG. 4A is fed to the data input terminal D of
the. flip-flop 54, the output signal of the flip-flop 54, i.e.
the modulation detection signal St which serves as the
starting point synchronizing signal, is set to a high level
at the rising edge of the clock signal Sc. Specifically, as
shown in FIG. 4E, the modulation detection signal St is
set to a high level at the part of the grid signal Sg which
part corresponds to the wide light bar 385 of the grid 38.

Upon receiving the modulation detection signal St
and the multiplied-frequency grid signal Sm, the A/D
converter 18 is starts the A/D conversion of the image
signal, which is generated by the long photomuitiplier
36, at the same timing as when a pulse of the multiplied-
frequency grid signal Sm (i.e. the synchronizing signal)
is formed after the modulation detection signal St which
serves as the starting point synchronizing signal is set to
a high level. The image signal which has been digitized
by the A/D converter 18 is fed into the image process-
ing section 20 which carries out gradation processing,
image contour enhancement processing or the like of
the image signal. The processed image signal is stored in
the image signal memory 22 and used to reproduce a
visible image on the display means 24.
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Although certain preferred embodiments have been
shown and described, it should be understood that
many changes and modifications may be made therein
without departing from the scope of the appended
claims. For example, the light scanning device in accor-
dance with the present invention is also applicable to
image recording apparatuses.

What is claimed is:

1. A light scanning device for two-dimensionally
scanning an object surface by scanning the object sur-
face in a main scanning direction with a scanning light
beam while moving the object surface in a direction
substantially normal to the main scanning direction,
comprising:

a light source for emitting the scanning light beam;

a light deflector for reflectively deflecting the light

beam in the main scanning direction;

means for deriving a synchronizing light beam from

said light beam reflectively deflected by said light
deflector;
a grid extending in said main scanning direction for
receiving said synchronizing light beam; and

means for detecting light from said grid to detect the
position of said scanning light beam in said main
scanning direction on the object surface;

said grid defining a linear array of alternate, relatively

light and dark bars disposed at a constant pitch
with the exception of a starting point control area
inwardly spaced from an end of the array, said
starting point control area defining a sharp irregu-
larity relative to said constant pitch corresponding
to a main scanning cycle starting position on the
object surface, said irregularity modulating the
synchronizing light beam applied to the grid so that
light having passed through the starting point con-
trol area will have a different phase corresponding
to said irregularity relative to said constant pitch
than the light from the other portion of said grid.

2. A device as defined in claim 1 wherein a phase
detection means is provided to detect the phase of a
synchronizing signal which is generated by said means
for detecting light from said grid after said synchroniz-
ing light beam has been modulated by said irregularity
defined by said starting point control area, and a signal
generated by said phase detection means is used as a
starting point synchronizing signal for synchronizing
the point at which a main scanning cycle is started.

3. A device as defined in claim 2 wherein said phase
detection means comprises a frequency synthesizer, an
N-ary counter, where N denotes a natural number,
which receives an output signal of said frequency syn-
thesizer, a comparator for comparing the value, which
an output signal of said N-ary counter represents, with
a predetermined value, and a flip-flop circuit for receiv-
ing an output signal of said comparator which output
signal serves as a clock signal, and a pulse signal which
is fed into said frequency synthesizer and which serves
as a data input signal.

4. A device as defined in claim 1 wherein said object
surface is the surface of a stimulable phosphor sheet
which has a radiation image stored thereon, and said
scanning light beam is a beam of stimulating rays which
cause the stimulable phosphor sheet to emit light the
amount of which emitted light is proportional to the
amount of energy stored on the stimulable phosphor

sheet during exposure to radiation.
* ® Xk % X
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